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Abstract

BACKGROUND: A comparative analysis of seed allergens from various soybean genotypes is crucial for identifying
and eliminating potential allergens. We have investigated the distribution of three major allergens (Gly m Bd 60K,
Gly m Bd 30K and Gly m Bd 28K) in wild, landrace, ancestral and modern soybean genotypes.

RESULTS: Gly m Bd 60K allergens consist of α subunits of β-conglycinin and G2 subunits of glycinin. In wild
genotypes, α subunits of β-conglycinin separated into six to seven protein spots whereas five to seven spots were
observed in the landraces. All genotypes of modern and ancestral groups showed 3–5 protein spots of α subunits of
β-conglycinin. All genotypes showed eight spots of glycinin G2 subunits except one ancestral genotype which had
seven spots. Two protein spots were detected for Gly m Bd 30K in 14 genotypes but one spot was detected in two
wild genotypes. Two protein spots were detected for Gly m Bd 28K in all genotypes.

CONCLUSION: Considerable heterogeneity of the α subunit of β-conglycinin distribution exists among these 16
soybean genotypes. Significant proteomic variation was observed between different soybean groups rather than
among genotypes in the same group. This investigation would be valuable to researchers working with soybean
and nutrition.
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INTRODUCTION
Seed legumes provide one-fifth of all plant proteins
consumed by humans on a global basis.1 Soybeans
(Glycine max [L.] Merr.) have long been recognized as
a valuable source of edible oil and protein for feeding
both animals and humans.2 However, it ranks among
the eight most significant food allergens, to which more
than 90% of all food allergies in the United States are
attributed.3 In the USA and Europe, between 5 and
8% of babies and 2% of adults are reported to be
allergic to soybeans.4 Increased awareness of several
health benefits associated with the consumption of
soybean protein has resulted in widespread use of a

variety of food products manufactured with soybeans.
Therefore, it is very difficult for sensitive individuals to
avoid soy products in prepared and processed foods.5,6

Soybean possesses about 15 proteins recognized
by IgEs from soy-sensitive people.7,8 Three proteins,
Gly m Bd 60 K, Gly m Bd 30 K, and Gly m Bd
28 K, represent the major seed allergens in soybean-
sensitive patients.9 Gly m Bd 60 K allergenic proteins
are grouped into two types: β-conglycinin and glycinin.
Only the α subunit of β-conglycinin, one of the
very abundant soybean seed storage proteins,10 has
allergenic reactions in about 25% of sera from soybean
sensitive patients.11 Glycinin, another storage protein
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and the most prevalent protein in soybean seed,
consists of five subunits, G1, G2, G3, G4 and
G5. Among these subunits, only G2 and acidic
polypeptides of G1 are reported to be allergens.12

Gly m Bd 30 K, a member of the papain superfamily
of cysteine proteases, also referred as P34, has been
identified as a major allergen in soybean seeds, because
more than 65% of soy-sensitive patients react to the
Gly m Bd 30 K protein.8,13,14 Among all cysteine
proteases, P34 remains unique because of its active site
modification and unknown function in soybean.15 P34
has a tendency to bind to lipid and oil, which is likely
significant in its role as an allergen and as a possible
defense protein.16 Gly m Bd 28 K is an MP27–MP33
homolog, a minor soybean seed globulin.6 It belongs
to the cupin protein superfamily, which contains a
number of legume food allergens, such as the peanut
Ara h 1 and Ara h 3 as well as soybean β-conglycinin
and glycinin G1 and G2 proteins.17

Many soybean varieties have been developed for
adaptation to various geographical regions via plant
breeding for increasing the yield of the crop and
quality of seeds. In general, protein composition and
profiles can be affected by breeding and environmental
conditions.18,19 Furthermore, comparative proteomic
studies of different soybean allergens would aid in the
understanding of evolutionary relationships between
these genotypes. Therefore, we have conducted
comparative studies of allergen proteins in sixteen
soybean genotypes including cultivated and wild
soybean genotypes. Cultivated soybeans are derived
from wild soybeans (Glycine soja). The cultivated
soybeans can be crossed with G. soja to produce fertile
offspring. Wild species are sources of genes for crop
improvement.20

Two-dimensional polyacrylamide gel electrophore-
sis (2D-PAGE) can be used to attain a comprehensive
protein profile. This technique is known as an effective
method to simultaneously resolve a large number of
proteins.21,22 When associated with mass spectrometry
(MS), it can allow the identification and characteri-
zation of selected proteins.23 Combined proteomic
technologies are very powerful for accurately exam-
ining soybean seed protein composition.24,25 Using
proteomic technologies, we have already success-
fully compared the profiles of anti-nutritional proteins
(Kunitz trypsin inhibitors)26 and storage proteins27 in
soybean seed among different genotypes. In this study,
we continued to characterize and compare the distri-
butions of the three major allergenic proteins (Gly
m Bd 60 K, Gly m Bd 30 K and Gly m Bd 28 K)
among 16 genotypes. A comparative analysis of seed
allergens from various soybean genotypes is crucial
for identifying and eliminating potential soybean aller-
gens. Such evaluations will be useful for comparative
analysis of the allergenicity of other legume species.
The three major allergens were well-separated using
2D-PAGE, and identified by matrix-assisted laser des-
orption/ionization time-of-flight MS (MALDI–TOF-
MS) and liquid chromatography MS (LC–MS/MS).

This investigation on variation of allergens among
16 soybean genotypes will enable us to have a bet-
ter understanding of the natural variation of seed
allergens.

MATERIALS AND METHODS
Plant materials
Soybean seeds of wild soybean (G. soja) genotypes (PI
407 027, PI 407 282, PI 366 120 and PI 393 551),
Asian landrace genotypes (PI 423 954, PI 89 138,
PI 594 777 and PI 59 845), ancestral genotypes of
North American soybean (PI 548 298 (AK-Harrow),
PI 548 445 (CNS), PI 548 318 (Dunfield) and
PI 548 362 (Lincoln)), and modern cultivars (PI
533 655 (Burlison), PI 525 453 (Conrad), PI 513 382
(Glenwood) and PI 536 635 (Sprite)) were obtained
from the USDA soybean germplasm collection
(Urbana, IL, USA). All seeds were stored at −80 ◦C
until analyzed.

Chemicals
Chemicals for electrophoresis, including acrylamide,
bis-acrylamide, sodium dodecyl sulfate (SDS),
tetramethylethylenediamine (TEMED), ammonium
persulfate, thiourea, dithiothreitol (DTT), 3-[(3-
cholamidopropyl) dimethylamonio]-1-propane-sulfo-
nate (CHAPS) and immobilized pH gradient (IPG)
strips were purchased from GE Healthcare (Piscat-
away, NJ, USA). Urea and ampholytes (pH 4.0–7.0
and 3.0–10.0) were purchased from Bio-Rad Labo-
ratories (Hercules, CA, USA). Tris-HCl (pH 8.8), 2-
mercaptoethanol, trichloroacetic acid (TCA) and glyc-
erol were purchased from Sigma-Aldrich Chemical
Co. (St Louis, MO, USA). α-Cyanohydroxycinnamic
acid (CHCA) matrix was purchased from Bruker
Daltonics (Billerica, MA, USA). Water from a Mil-
lipore Milli-RO4 reverse osmosis system (Millipore,
Newbedford, MA, USA) was used for making all
solutions.

Extraction and 2D-PAGE analysis
Protein extraction from seed and 2D-PAGE sepa-
ration protocols were performed according to the
procedures described in our earlier publication.25

One hundred milligrams of the soybean seed powder
was homogenized with solution containing 10% (w/v)
TCA in acetone with 0.07% (v/v) 2-mercaptoethanol.
The protein was precipitated for 1 h at −20 ◦C. The
extract was centrifuged (Eppendorf 5804 R; Brinkman
Instruments Inc., Westbury, NY, USA) and the pel-
let was washed with acetone containing 0.07% (v/v)
2- mercaptoethanol. Then, the pellet was dried under
vacuum and resuspended in 1 mL of lysis buffer [9 mol
L- urea, 1% CHAPS, 1% (w/v) one of the ampholytes
(pH 4.0–7.0, and 3.0–10.0)] and 1% DTT fol-
lowed by sonication for 30 min. Insoluble material was
removed by centrifugation, and the supernatant was
used for 2D-PAGE analysis. The first-dimension iso-
electric focusing (IEF) was performed using 13 cm pH
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4.0–7.0 or 3.0–10.0 linear IPG strips in an IPGphor
apparatus (GE Healthcare, Piscataway, NJ, USA),
according to the manufacturer’s recommendations.
For the second dimension, the IPG strips were incu-
bated with 50 mmol L−1 Tris-HCl, pH 8.8, 6 mol
L−1 urea, 30% glycerol, 2% SDS, 0.002% bromophe-
nol blue, and 1% DTT for 15 min, acetylated with
iodoacetamide, and subsequently placed onto 12%
polyacrylamide gels. Electrophoresis was performed
using a Hoefer SE 600 Ruby electrophoresis unit (GE
Healthcare, Piscataway, NJ, USA): 5 mA gel−1 for
30 min in the first step, then 17 mA gel−1 for 5 h
in the second step. The 2D-PAGE gels were visual-
ized by staining with colloidal Coomassie blue G-250,
and scanned using laser densitometry (GE Healthcare,
Piscataway, NJ, USA). Triplicate samples were used
for soybean seed protein extraction and 2D-PAGE
analysis.

In-gel digestion of protein spots
Protein spots were excised from the stained gel and
washed first with distilled water to remove ammonium
sulfate and then with 50% acetonitrile containing
25 mmol L−1 ammonium bicarbonate to destain the
gel plug. The gel plug was dehydrated with 100%
acetonitrile, dried under vacuum, and then re-swollen
with 20 µL of 10 µg mL−1 trypsin (modified porcine
trypsin, sequencing grade, Promega, Madison, WI) in
25 mmol L−1 ammonium bicarbonate. Digestion was
performed overnight at 37 ◦C. The resulting tryptic
fragments were extracted with 50% acetonitrile and
5% trifluoroacetic acid with sonication. The extract
was dried to completeness and dissolved in 50%
acetonitrile and 0.1% TCA.

Mass spectrometry
For peptide mass fingerprinting (PMF), a Voyager
DE-STR MALDI-TOF mass spectrometer (Applied
Biosystems, Framingham, MA, USA) operated in
positive ion reflector mode was used to analyze tryptic
peptides. Samples were co-crystallized with CHCA
matrix, and spectra were acquired with 50 shots of a
337 nm nitrogen laser operating at 20 Hz. Spectra
were calibrated using the trypsin autolysis peaks
at m/z 842.51 and 2211.10 as internal standards.
For LC–MS/MS, a Thermo Finnigan LCQ Deca
XP plus ion trap mass spectrometer was used to
analyze proteins that were not positively identified
by MALDI–TOF-MS. Peptides were separated on
a reverse phase column using a 30 min gradient of
5–60% acetonitrile in water with 0.1% formic acid.
The instrument was operated with a duty cycle that
acquired MS/MS spectra on the three most abundant
ions identified by a survey scan from 300 to 2000
Da. Dynamic exclusion was employed to prevent
the continuous analysis of the same ions. Once two
MS/MS spectra of any given ion had been acquired,
the parent mass was placed on an exclusion list for the
duration of 1.5 min. The raw data were processed by
Sequest to generate DTA files for database searching.

The merge pl script from Matrix Science was used
to convert multiple Sequest DTA files into a single
mascot generic file suitable for searching in Mascot.

Protein identification
Protein identification was performed using the Mascot
search engine. NCBInr database was selected as the
primary database to be searched. The parameters
for database searches with MALDI–TOF PMF data
and with MS/MS spectra were set as before.25 For
MALDI–TOF-MS data to qualify as a positive
identification, a protein’s molecular weight search
(MOWSE) score had to equal or exceed the minimum
significant score of 64. Positive identifications of
proteins by MS/MS analysis required a minimum of
two unique peptides, with at least one peptide having
a significant ion score.

RESULTS AND DISCUSSION
In this study, we have separated major soybean
allergens in 16 soybean genotypes (four each of wild
soybean, Asian landraces, North American ancestors
and modern cultivars) using 2D-PAGE. We analyzed
proteins with two pH ranges (3.0–10.0 and 4.0–7.0),
because the G2 subunit of glycinin was not separated
well in pH range 3.0–10.0. These protein spots were
identified by MALDI–TOF-MS and LC–MS/MS.
We primarily focused on the distribution, comparison
and variation of the three major allergens, Gly m Bd
60 K, Gly m Bd 30 K, and Gly m Bd 28 K in the
soybean seed. Table 1 includes the origin, cultivar
types and strain designation of all the 16 genotypes.
Figures 1 and 2 show representative pH 3.0–10.0 and
4.0–7.0 gel images of one wild (PI 407 027) and one
cultivated (landrace, PI 59 845) soybean seed sample.
Table 2 lists the spots identified as major allergens in
sixteen soybean genotypes. In Table 3, spot numbers
of allergens observed in each genotype are listed.
Our results show that the overall distribution of the
allergens is similar in all four groups of genotypes.
However, the number of spots and their intensities
varied among these genotypes (Table 3; Figs 1 and 2).

Analysis of Gly m Bd 60 K proteins
Soybean Gly m Bd 60 K allergens include β-
conglycinin and glycinin. Only the α subunit of
β-conglycinin has allergenic reactions in about 25%
of sera from soybean sensitive patients.11 G2 subunits
and acidic polypeptides of G1 subunits of glycinin are
reported to be allergenic.12 All glycinin subunits are
composed of acidic and basic polypeptides. The acidic
polypeptides of the G1 subunit were not observed in
this study, probably because these proteins are too
low in abundance to be detected by this method. The
basic polypeptides were observed, but the results are
not presented because they do not elicit an allergic
reaction.12 Considerable variation was observed for
the α subunit of β-conglycinin. In our study, all the
wild and landrace genotypes showed five spots (spots
1, 3, 4, 6 and 7 of the α subunit). One wild (PI
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Table 1. The 16 soybean genotypes tested for protein variation

Number Soybean group Cultivar Strain designation Origin: Province or state/country

1 Wild (G. soja) n/a PI 366120 Akita (Japan)
2 Wild (G. soja) n/a PI 393551 Taiwan (Taiwan)
3 Wild (G. soja) n/a PI 407027 Akita (Japan)
4 Wild (G. soja) n/a PI 407282 Cheju (South Korea)
5 Landrace (G. max) Shirome PI 423954 Kumamota (Japan)
6 Landrace (G. max) Zontanorukon PI 89138 Hamgyong Puk (North Korea)
7 Landrace (G. max) Liuyue huang PI 594777 Yunnan (China)
8 Landrace (G. max) Sohgetsu PI 59845 Japan
9 Ancestor (Old) A.K (Harrow) PI 548298 China
10 Ancestor (Old) CNS PI 548445 Jiangsu (China)
11 Ancestor (Old) Dunfield PI 548318 Jilin (China)
12 Ancestor (Old) Lincoln PI 548362 Pedigree unknown (USA)
13 Modern (Elite) Burlison PI 533655 Illinois (USA)
14 Modern (Elite) Conrad PI 525453 Iowa (USA)
15 Modern (Elite) Glenwood PI 513382 Minnesota (USA)
16 Modern (Elite) Sprite PI 536635 Ohio (USA)

Figure 1. A proteomic comparison of the allergens of wild, G. soja, PI 407027 (1A) and landrace, G. max, PI 59845 (1B) soybean seeds. The first
dimension was run using a pH gradient from 3.0 to 10.0 and the second dimension was a 12% SDS-PAGE. Gels were stained with colloidal
Coomassie blue stain G-250. Numbered arrows indicate the spots referred to in the text and tables.

Figure 2. A proteomic comparison of the allergens of wild, G. soja, PI 407027 (A) and landrace, G. max, PI 59845 (B) soybean seeds. The first
dimension was run using a pH gradient from 4.0 to 7.0 and the second dimension is a 12% SDS-PAGE. Gels were stained with colloidal Coomassie
blue stain G-250. Numbered arrows indicate the spots referred to in the text and tables.
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Table 2. Major allergenic proteins identified by MS in soybean seeds

Sl
#

Theoretical
pI/mol. wt Protein identity

Identification
method

Peptides
matched

Sequence
coverage (%)

MOWSE
score

NCBI
accession #

1 4.92/63 127 α subunit of β-conglycinin MALDI–TOF-MS 25 39 217 gi|9967357
2 4.92/63 127 α subunit of β-conglycinin MALDI–TOF-MS 25 41 167 gi|9967357
3 4.92/63 184 α subunit of β-conglycinin MALDI–TOF-MS 27 43 250 gi|9967357
4 4.92/63 184 α subunit of β-conglycinin MALDI–TOF-MS 20 34 204 gi|9967357
5 5.32/72 717 α subunit of β-conglycinin MALDI–TOF-MS 9 18 73 gi|15425633
6 5.32/72 717 α subunit of β-conglycinin MALDI–TOF-MS 14 24 112 gi|15425633
7 5.32/72 717 α subunit of β-conglycinin LC–MS/MS 9 23 238 gi|51247837
8 5.46/54 927 Glycinin G2 precursor MALDI–TOF-MS 9 19 91 gi|1212177
9 5.46/54 927 Glycinin G2 precursor MALDI–TOF-MS 9 19 73 gi|1212177
10 5.46/54 927 Glycinin G2 precursor MALDI–TOF-MS 8 15 71 gi|1212177
11 5.46/54 927 Glycinin G2 precursor MALDI–TOF-MS 9 14 74 gi|1212177
12 5.46/54 927 Glycinin G2 precursor MALDI–TOF-MS 12 21 104 gi|1212177
13 5.78/54 047 Glycinin G2 precursor MALDI–TOF-MS 6 37 67 gi|169967
14 5.56/54 903 Glycinin G2 precursor LC–MS/MS 3 9 175 gi|72295
15 5.56/54 903 Glycinin G2 precursor LC–MS/MS 9 14 313 gi|72295
16 5.74/43 136 P34 probable thiol protease precursor LC–MS/MS 4 9 102 gi|129353
17 5.74/43 136 P34 probable thiol protease precursor LC–MS/MS 2 9 60 gi|129353
18 5.73/52 813 Allergen Gly m Bd 28 K LC–MS/MS 3 6 187 gi|12697782
19 5.73/52 780 Allergen Gly m Bd 28 K MALDI–TOF-MS 10 19 97 gi|12697782

Table 3. Soybean allergen composition in 16 genotypes

Protein spot number of allergenic proteins

Gly m Bd 60 K

Soybean group Accession α subunit of β-conglycinin Glycinin G2 Gly m Bd 30 K Gly m Bd 28 K

Wild (G. soja) PI366120 1, 3, 4, 5, 6, 7 8, 9, 10, 11, 12,13, 14, 15 16 18, 19
PI393551 1, 2, 3, 4, 5, 6, 7 8, 9, 10, 11, 12,13, 14, 15 16 18, 19
PI407027 1, 2, 3, 4, 6, 7 8, 9, 10, 11, 12,13, 14, 15 16, 17 18, 19
PI407282 1, 3, 4, 5, 6, 7 8, 9, 10, 11, 12,13, 14, 15 16, 17 18, 19

Landrace (G. max) PI423954 1, 3, 4, 6, 7 8, 9, 10, 11, 12,13, 14, 15 16, 17 18, 19
PI89138 1, 2, 3, 4, 5, 6, 7 8, 9, 10, 11, 12,13, 14, 15 16, 17 18, 19
PI594777 1, 3, 4, 6, 7 8, 9, 10, 11, 12,13, 14, 15 16, 17 18, 19
PI59845 1, 3, 4, 6, 7 8, 9, 10, 11, 12,13, 14, 15 16, 17 18, 19

Ancestor (old) PI548445 1, 3, 4 8, 9, 10, 11, 12, 13, 14 16, 17 18, 19
PI548298 1, 3, 4 8, 9, 10, 11, 12,13, 14, 15 16, 17 18, 19
PI548318 1, 3, 4, 6, 7 8, 9, 10, 11, 12,13, 14, 15 16, 17 18, 19
PI548362 1, 3, 4, 6, 7 8, 9, 10, 11, 12,13, 14, 15 16, 17 18, 19

Modern (elite) PI536635 1, 3, 4 8, 9, 10, 11, 12,13, 14, 15 16, 17 18, 19
PI533655 1, 3, 4, 6, 7 8, 9, 10, 11, 12,13, 14, 15 16, 17 18, 19
PI525453 1, 3, 4, 6, 7 8, 9, 10, 11, 12,13, 14, 15 16, 17 18, 19
PI513382 1, 3, 4 8, 9, 10, 11, 12,13, 14, 15 16, 17 18, 19

393 551) and one landrace (PI 89 138) genotype show
two additional spots (spots 2 and 5), and two wild
genotypes (PI 366 120 and PI 407 282) have one extra
spot (spot 5).

All ancestral and modern genotypes have spots 1, 3
and 4 of the α subunit, while two ancestors (PI 548 318
and PI 548 362) and two modern cultivars (PI 533 655
and PI 525 453) show two additional spots (spots 6 and
7). The glycinin allergens showed eight spots (spots
8–15) and are identified as G2 subunits (Table 2).
The distribution of G2 subunits was very similar
among these genotypes. Fifteen genotypes showed
eight spots (spots 8–15), but only one ancestral

genotype (PI 548 445) showed seven spots of G2
subunits (spots 8–15), with spot 15 missing (Table 3).

The distribution of Gly m Bd 60 K (β-conglycinin
and glycinin) in cultivated soybeans has been reported
previously.24,28 Little information is available about
the variation of Gly m Bd 60 K allergens among
different soybean genotypes. A mutant line without
the α subunit of β-conglycinin has been developed
by irradiation.29–31 However, the protein from this
mutant retains no gel-forming ability for use in
traditional products and no data were available
as to the nutritional quality of this soybean.9 In
another study, the expression of α and α′ subunits of
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β-conglycinin was suppressed by sequence-mediated
gene silencing in transgenic soybean seed.32 In this
case, the decrease in β-conglycinin protein was
apparently compensated by an increased accumulation
of glycinin and P34. Takahashi et al.33 have generated
a soybean mutant line, QF2, whose seeds lack
both glycinin and β-conglycinin. This mutant line
grew and reproduced normally and the nitrogen
content of its dry seed was similar to the wild type
cultivars. However, this line exhibits an abundance
of other proteins including allergen protein Gly m
bd 30 K (P34), the immunodominant allergen and
other anti-nutritional protein such as lectin and
lipoxygenase.

In our study, multiple spots are observed for the α

subunit of β-conglycinin, acidic and basic polypeptides
of the G2 subunit. The migration of proteins on a
2D-PAGE gel is very sensitive to small structural
differences. One gene product may undergo different
co- and/or post-translational modifications that affect
its pI or/and molecular weight, and it is known that
the α subunit of β-conglycinin undergoes extensive
co- and post-translational modification.34

Analysis of Gly m Bd 30 K
Gly m Bd 30 K is a major allergen protein and
has been shown to be identical to the previously
described soybean seed 34 kDa vacuolar protein, P34.8

P34 has been shown to account for a majority of
IgE binding with serum from several soy-sensitive
humans.35 It is a relatively minor seed constituent,
comprising less than 1% of total seed protein. The
P34 protein can be detected in a wide variety of
soybean processed foods.6 The elimination of P34
from soybean seeds would enhance food safety and
make the use of soybean products available to sensitive
individuals. Using a monoclonal antibody against P34,
Yaklich et al.35 found that P34 was almost uniformly
distributed in the genetic diversity of soybean. The
high protein lines did not contain more P34 than
other lines, and they did not find naturally occurring
varieties lacking P34 allergen protein, when they
surveyed the core collection representing the public
cultivars released between 1947 and 1988 in North
America.35 A similar survey of Japanese lines did not
reveal any P34 null lines.36 Consistent with these
results, this study shows that P34 is present in all
these sixteen soybean genotypes examined (Table 3).
However, two wild soybean genotypes (PI 366 120
and PI 393 551) show only one spot (spot 16) while
the other 14 soybean genotypes show two spots of
P34 (spots 16 and 17). P34 spot(s) show weak
intensity in the wild genotype compared to that in
the landrace genotype (Fig. 2A and B). Recently,
Joseph et al.37 screened 16 266 accessions of USDA
soybean germplasm, and identified 12 genotypes
as P34 null lines. Such varieties of an allergen
null/reduced soybean could be especially valuable
for uses in baby formula. Biotechnology offers the
prospect of eliminating P34 allergenic protein from

soybean. Herman15 and Herman et al.28 have used
gene silencing to successfully eliminate accumulation
of P34 in transgenic soybean.

Analysis of Gly m Bd 28 K protein
Gly m Bd 28 K is a less abundant protein of soybean
but is designated as a major allergen, and was originally
isolated from soybean meal as a 28 kDa glycosylated
protein.38 In this study, two spots (spots 18 and 19)
of Gly m Bd 28 K were identified by LC–MS/MS
in all 16 genotypes (Table 2). No major variation of
this protein is observed in these genotypes (Table 3).
There is very little additional information about
variation in this allergen among different soybean
genotypes. A mutant line of soybean G. max, cv
Tohoku 124, with the absence of β-conglycinin also
lacks Gly m Bd 28 K.30

Xiang et al.39 demonstrated that both the N-
and C-terminal fragments of Gly m Bd 28 K can
bind IgE, and have characterized a novel dominant
sequential epitope on the C-terminal fragment of
the protein. Tsuji et al.40 reported that Gly m Bd
28 K was about twice as large as anticipated from
its initial discovery as a 28 kDa polypeptide by one-
dimensional SDS-PAGE. The Gly m Bd 28 K allergen
is probably processed into two smaller polypeptides
of 240 and 212 amino acids in the soybean seed,
and both portions are expected to be present in
soybean-derived foods.39,40 The full-length Gly m
Bd 28 K is encoded by an open reading frame of
473 amino acids.39 Consistent with these reports,
the amino acid sequence of spot 18 from our
study only matches the second half of the protein,
and that of spot 19 only matches the first half.
These two spots of Gly m Bd 28 K probably come
from the post-translational processing of the same
gene.

CONCLUSION
In summary, considerable heterogeneity of the α

subunit of β-conglycinin protein spot distribution
exists among these 16 soybean genotypes. Major
proteomic variation was observed between soybean
groups rather than among genotypes in the same
group, which might be due to the breeder’s efforts
to select better genotypes for protein production,
while the other allergen Gly m Bd 60 K (G2
subunit of glycinin) distributes similarly among
these 16 genotypes. Fourteen genotypes show two
protein spots and two genotypes show one spot of
allergen Gly m Bd 30 K. All 16 genotypes show
two spots of Gly m Bd 28 K, and no variation
in protein pattern is observed. The data from
this study may serve as criteria for profiling and
the comparison of soybean allergenic proteins in
various soybean genotypes and also useful for the
modification of soybeans to improve its nutrition
values.
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